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*  The  stability  of  the  atmospheric  motions  is  investigated  by 

means  of  &  two  level  model  on  &  sphere.  The  dependence  of 
the  conditional  stability  and  also  the  various  characteristic 
motions  on  the  difference  of  the  circulation  index  at  the 
chosen  levels  is  investigated.  An  example  of  the  prognosis 
of  the  pressure  field  is  given  on  the  basis. of  the  proceeding 
-  theory. 

The  stability  of  atmospheric  motions  was  examined  in  a  series  of 
studies,  by  the  Soviets;  I.  R.  Blinova  (1),  G.  I*  Marchuk  (2),  la.  M.  Keifets 
(3)s  c.  V.  Remchinov,  and  by  the  foreign  authors:  Cbamey  (4),  Kuo  (5),  Eady 
(6),  and  Spar  (11),  by  means  of  the  solution  of  the  linearised  equations.  In 
these,  the  majority  of  the  cited  investigators  restricted  themselves  to  only 
the  qualitative  (congruence)  S<?pv.t&!s *».«.&  of  the  characteristic  properties  of 
the  particular  solutions  of  these  equations  with  the  typical  popularities  of 
real  pressure  centers.  In  the  capacity  of  such  particular  solutions  the  un¬ 
stable  waves,  are  begun.  The  distribution  of  the  stable  and  unstable  waves,  its 
influence  on  the  motion,  and  tha  evolution  of  the  pressure  systems  are  not 
i  examined  completely  in  this.  Besides  that,  in  the  cited  works  either  the  com¬ 
plete  meridional  extents  of  the  disturbances  are  not  considered  or  are  con¬ 
sidered  too  crudely.  (Phillips  [7],  Fleagle  [8j>.  The  stated  restrictions  do 
not  permit  the  developed  theory  to  be  adapted  to  the  quantitative  investigations 

>  of  the  real  pressure  fields, 

* 

In  the  present  work,  we,  just  as  stated  fay  the  Soviet  authors,  do  not 
make  similar  restrictions  which  permits  &  possibility  of  adapting  the  theory  to 
the  prognosis  of  the  pressure  field.  As  long  as  we  study  the  motion  on  the 
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planetary  settle,  it  is  necessary  to  examine  the  soluti 


■union  on  a  sonere.  As  m 


he  work  of  E,  X,  Blinova  [9],  we  take  for  the  initial  equations  the  following 


--- —  (S',  &V )  4-  'Z  us  5--t  - 

hho  '  *  >A 


2  ^  oie  ^T}4  (i) 

.  ~  “  A  '? 

tore-. 


A  4>  f 


e'-1  si*.-,  fi 


V  >  hj 


«vt.  fh/ 


Ca3  ££  j<0  ip) 


Here  y  Is  the  str malfunction;  0,  is  the  radius  of  the  earth, 

A.  is  the  vertical  velocity;  f  is  a  standard  distribution  of  density; 

5  ”  ‘‘ !  PC^)  in  &  new  independent  variable;  p  &) 

is  a  standard  distribution  of  pressure;  |,  is  the  mean  vertical  temperature. 
We  shall  take,  the  boundary  conditions  in  the  fora. 
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f  ts^o 


it 


Ws  sh^ll  divide  the  whole  fchxckrim&s  of  the  a tcrio sphere  by  the  variable 
I  into  four  parts  through  the  points  t  '  =  o- 3  (3eo**iS)  ^  =  o.f 

-  °  7  (7“° wvt*)  .  We  approximate  f  by  a  parabola  and  take 

as  boundary  conditions  i_f  ^ }  c  —  if  f  -  O 

Here  [f  j  Q  is  the  value  of  f  ^‘b  at  infinity,  (jf1’ V't)**-  is  the 


value  of  £■  v\  on  the  earth’s  surface.  Then  we  obtain  that 


fA  *  i  (/Ak  U1  “D 


where 


If  A), 


is  the  value  of. 
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and  sub- 


j5  V%-  at  -fo  ~  A'oo  v«*  h  .  Then  we  can.  find  •;  and  sub- 

■  '  r  _  ■  c  -r  0 .  3 

.ticute  it  into  equation <$»  Vic  shall  write  down  equation  (1)  at  \  ~  v  ' 

,nd  J  -  O.  I  f  and  equation  (2)  at  £  =  O-  fT  .  InJothis  we  shall  sub- 
titute  for  the  height  derivatives  of  H*  the  difference  relations.  Except 
hat,  in  the  term  j  we  Put  fl  ~  f  +  ‘/j  J  .  Finally 


hat.  in  the  term 


a  obtain: 
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Later  eliminating  (_  f  Vfc^  from  the  first  two  equations  by  means 


f  the  third  we  shall  have: 
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a  solution  in  the  form 
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Substituting:  (4)  into  (3)  we  will  obtain  a  system  of  two  ordinary 
treranfcial  equations: 
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will  satisfy  this  system  if  for  and  F»  we  take  solutions  of  th 


nations  as  suras  of  Legendre  functions 
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this  fora  we  obtain  the  system: 
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The  system  has  a  non-trivial  solution  if  the  determinant  of  the  unknowns 
is.  equal ’ to  zero.  The  last  condition  gives  an  equation  for  the  determination 
of  O’  :  .  _ 


if  A'  (y  - A 
"aT/T*  2) 
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a s  ?w'.  ; 


*r  •  A  »  f:  ; 


«4. 4  £*--  3 
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The  value  of  <T*  obtained  in  the  work  of  Phillips  (?)  is  similar  in  form, 
however,  the  parameters  ha.va  a  different  meaning  in  our  work.  From  the  first 
aquation  (5)  we  fine  the  relation  between  A  and  ^  .  We  obtain  that; 
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we  notice  that  <*  '  *  •**•  ,  just  as  ,  depends  solely 

on  (i„e»  on  the  difference  of  tha  circulation  indexes  at  our  chosen 

levels  and  does  not  depend  on  the  same  indexes).  This  is  evident  because 

crKi<%  4  ai?  "•  ^ h  "f  ~  V  #  xhe  expression  for  <3~  indicates 

the  possibility  of  a  complex  value^  i.e„  the  loss  of  stability.  The  condition 
of  stability  is  determined  by  the  inequality; 

^  /V"  (a  -  Av  )  v  ^  >  £>  (8) 

n, 

’  After  fixiiigAthe  inequality  (8)  is  either  satisfied  or  not  depending 

on  A»C  ,  which  can  change  from  day  to  day.  The  remaining  parameters  (en¬ 
tering  into  G>  and  Z\  )  are  standard.  We  have  71  ,  an  integer.  Conse- 
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quently,  A  takes  discrete  values  only.  For  more • suitable  representation  of 

'■fee  results  we  introduce  the  variable/  V  ,  which  varies  continuously  item 


o  to  OCi 


Then  the  equation 

-  /M/rA'I  V"  *0 


where  f\ 


\  -  v  lv4  0  r 


determines  in  tbs  plana  surface  V// 


the  boundary  of  the  regies/  of  stability  (see  fig.  1). 
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Fsroo  this  it  is  evident  that  there  exists  a  minimum  value  of  V  and 
consequently  also  A*  ,  below  which  all  the  disturbances  are  stable.  The  quan¬ 
tity  s*  ®  "Q  i,«.  it  depends  in  essence  on  the  static  stability. 

It  is  easy  to  sec  that  the  stability  curve  has  two  asymptotes t  for 
-^•x  ©  and  V  *  M*.  (the  last  corresponds  with  A  -  );  for  H  /  Mm  it 

is  always  unstable  for  any  « 

tf«  shall  take  the  following  values  of  the  parameters: 

If  -  O-oofe  degreea/aeter 
i;  -  SCO*  0W  -■  '**  * 

o  _  »a. 

With  such  choices  la.  is  equal  to  <'0  .  And  «® 


4  *<£  * 
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Fee  &ei  7  £#■'**>«  there  exists  an  interval'  M  <  M  *  **£• 
within  which  integral  values  of  n.  can  be  found.  The  unstable  disturbances 
will  correspond  to  it..  In  fig.  2  i"kc:-‘-  ia  displayed,  the  behavior  of  ^ 

*’w”‘  _4  t  *  - 

■  ^  «*»  ,  Lfy  «*,  i,*  \ 

(  cr«  *"  •  1 0£0J  as  a  function  of  17  for 
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{denoted  No.  1)  and 


( d eno  ted  No  *  2)  , 


*7* 


A  a  -  S3  the  values  of  ^  51  ^ 


fall  in  the  interval 


of  instability.  In  this  case  the  speed  of  propagation  of  both  types  of  waves 

—  / 

is  on®  &r.d  the  same  and  is  e^ual  to  *-’$»  »  Therefore  the  critical  ^  and 


converge  in  the  interval  of  instability, 

llemantary  solution®  of  the  type  ^ 

I 

respond  to  s  Jl&ILtw  value  of  G~ 
la  the  case  of  ccsiplax  tf*  we  will  have: 

g  ‘  c.*S  *n(#)  *  *  <*  Cc'°^  ® >  . 
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v;  *a  t'v'- 


The  value  of  fen  will  also  bo  complex 
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If©  see.  that  the  Intensity  of  growth  of  the  amplitudes  depends 

on  and  «  (through  0£  ) ,  The  quantity  <$}.  depending  only  on  n  } 

attains  &  maximum  for  a  certain  value  of  A  ,  The  computations  show  that 
this  value  of  A  is  weakly  dependent  on  the  jumps  of  the  index  of  circulation, 
sad  in  the  rang  a  ^  t  takes  a  maximum  value  for  « 

n  s-  2  .  For  this  the  possible  wave  number  is  ^  at  most,  (lie  have 

different  even  numbers  to  that  o  on  the  equator).  Since  in  this  case 

*.  t  ,  the  waves  with  tbs  maximum  intensity  of  growth  of  amplitude  will 
have  a  maximum  latitudinal  extent,  [on  tbe  meridional]  at  The  wave 

length  of  "4 oso  **■ **  corresponds  to  wave  number  m  «  7  .  This  is  the 

same  value  Kuo  obtained  in  the  above  referenced  work.  Phillips  gets  a  .arger 


value  , 
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I:!  in  the  factor 


'io  £  t^izS  3> 


time  is  written 

lor 

24  ' 

the  value  L 

for 

tno 

.crcas  s  ft  am  0,13 

to 

0.37 

the  wave  witn 


instance  the  wave  amplitude  grows  about  13%  in  the  course  or  24  hours  and 
in  the  second  about  45%,  This  dependence  of  V i  on  &«*•  in  general  agrees 

',oi  th  that  which  Phillips  obtained  [?],  Still  it  is  proper  to  note  that  in  the 
light  of  the  criteria  brought  out  by  us_,  the  instability  in  the  atmosphere  will 
he  obtained  more  rarely  than  is  obtained  from  the  theory  of  Phillips,  Phillips 
mace  use  of  the  local  values  of  the  gradient  of  the  vertical  velocity  while  we 
took  the  vertical  gradient  of  the  index  of  circulation  which  is  more  expedient. 

Kowrwe  shall  write  out  the  solution  that  satisfies  the  initial  condi- 

£  1. O  Ti  3  * 

In  the  stable  case  we  gets 
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lit  consequence  of  (7) 
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rutting  the  expansions  of  the  initial  field  into  spherical  functions 
we  have  the  forms 
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Suppose  in  (10)  i'»©  and  do  the  same  in  (11)  we  get  the  following 

m  «  m 

correlation  for  the  determination  of  L>r  ,  hirt  auo  so  on: 
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Finally  for  the  unknown  coefficients  we  write  the  following  formula: 
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Here 


-  n  •. 
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In 


-  Ji  ^-r 

stead  of  R"  and  ^-o 


substitute  their  value  from  (7). 


hen  p* 


and  fliy  change  into  the  following  form: 
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p- 


i  „ 


S  -t  2  A'</ 


(13) 


.  yan-  "  A*“  (V  ~  A'  )  V  v' 


In  fig.  3  [ is  produced]  the  curve  of  (3«  in  its  dependence  on  V 

t  X,  3 

for  &©t  ^  (figures  1,2, 3,4  have  to  do  with  f3n  ,  (So  ,  /3„  > 

&<i  ).  In  fig.  4  is  shown  [evidenced]  the  behavior  of  the  curves  of  An 

(figures  l, 2, 3,4  designated  the  cS&Ses  aS  *  '.j,  a.«,  ,  f  ,  H  (  ). 

If  in  our  formula,  we  let  V  “>  O  ,  then  we  obtain  a  solution  for 
an  average  level.  For  this 
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AnalagousXy  h**  1  >  i  ,  and  the  coefficients  13* 


Cir,-  *J?  A 


(JJ  converge  toward  1/2.  From  this  it  is  evident,  that 
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ffv 


does  not  vanish,  corresponding  terms  in  the  solution  converge  to 


zero.  The  solution  completely  agrees  with  that  obtained  by  £.  K.  Blinova  jlO], 
For  instability  of  waves  the  groups  of  terms  corresponding  to  fixed 
values  of  rv  and  VH  have  the  form: 
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Analogously  to  the  stable  ease  we  find 
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The.  V\&i a  (14)  show  that  the  phase  of  the  disturbance 

the  unstable  case  changes  with- height  and  consequently  the  axis  of  the  dis- 
rbanee  tilts  from  the  vertical. 

W®  shall  show  that  inside  of  the  region  of  stability  or  instability 
e  determined  coefficients  do  not  have  peculiarities.  In  the  expression  for 
‘<o  the  denomination  in  the  expression  under  the  radical  [never]  does  not 
tore  zero.  In  the  region  of  Instability  it  is  always  2  AV  >  E> 
r  from  the  inequality  opposite  (8)  it  follows  that  2  /W1  >  \J  <3  ”  +  f\  V 

V  "i, 

the  coefficient  tew  the  sum  can  become  zero.  The  same 
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coefficient  then  becomes  infini 


inito.  We  shall  show  that  (in  which  >«« 


•  is  rsainiained  by  this  t 


Inal  value.  Con 


sequent’}?,  for  *  ’3 


erf-s  ~  O 


■on  Used  At.  accordance  wi 


.  th  (6),  the  equality 


fj  +  A)  B 
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Thii..  is  possible  if  V 


J  B"- 


r  \?  - 
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A  )  A 


g/sa 


V  3t  l~'i S  .  We  cor, si 


her  the  firs 


case.  Pros,  (13)  it  is  clear  then  that  A  “  °  *  lri  ocacx  t,iat  W( 

find  (3n  ,  we  take  S?  -  A  +  *  ,  wa  substitute  in  the  expression  for  £»  , 

and  we  pass  to  the  limit  for  X~»  <>  .  Then  1  .  Analogously  the  ^ 

second  case  can  also  be  exanirxed.  The  numerical  evaluations  show  that 
cannot .  fake  the  value  zero.  We  pass  to  the  study  of  the  properties  of  tr.e 

short  waves,  i&  the  disturbances  with  a  large  number  f\  «  *°* 

values  J  *  is  greater  than  m  ,  then  the  disturbance  has  a  lesser  longitudinal 

dimension.  But  if  m  is  not  large,  then  *- ™  is  large.  And,  since  ™ 

is  a  quantity  equal  to  zero  on  the  meridian,  then  the  disturbance  has  a  small 
cross  dimension*  Therefore  the  larger  value  of  ft  corresponds  to  the  distur¬ 
bances  which  have  either  small  longitudinal  or  small  transverse  ci.—n^.-o... 
the  formulas  (6)  and  (13)  it  is  clear  that  n  -* 
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c -  «,  P«  ° 


""V  ° 
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fiS  r«v  ,  but  the  remaining  parameters  do  not  depend  on  r.  .  In  order  to 

4\*v4  the  limit  of  we  represent  this  value  in  tne  form: 
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converge#  rapidly  to  zero. 

Xh«*,  the  short,  waves  move,  without  changing  their  shapes,  with  the 
speed  of  the  west-east  transport  on  an  equivalent  level.  The  elaborated 
theory  is  adapted  by  us  to  the  prognosis  of  the  pressure  fields  of  "7©<»**«and 
3»a  vhS»  „  In  the  series  (14}  we  taka  **i  -  t%  and  n  *  .  The  latitude 

step' is  A®  * ,  the  longitude  step  is  &h.  ~  i  S' 9  *  Tor  the  simplifies- 

O.  ’$■  / 

tion  of  the  computation,  we  have  considered  0  >  *■  where  •&  i*  the  ab“ 

solute  topography,  A’  is  an  average  value  of  the  Coriolis  parameter  f°r  '“he 
hemisphere .  The  initial  situation  taken  was  December  $,  1957.  The  prognosis 
was  given  for  one  day,  4*4  was  computed  from  the  initial  m*P  was  equal 
to  53  (an  unstable  case);  «<*.  ~  .  As  is  seen  in  figures  5-10  the 

results  obtained  reflect  the  evolution  and  movement  of  the  large  scale  cyclones. 
She  motion  of  the.  cyclone  from  the  Stockholm  region  to  the  Leningrad  region  and 
its  deepening  was  corrcstly  predicted.  Also  a  good  prediction  of  the  develop¬ 
ment  of  an  Icelander  cyclone.  By  the  calculation  there  is  a  pressure  fall  of 
15  decameters  &&4f  is  actually  16  decameters.  It  was  worse  In  the.  western  hemi¬ 
sphere.  Thsis ,  in.  the  territory  of  the  USA  the  pressure  formation  showed  move¬ 
ments  to  the  East.  Separate  errors  could  be  partially  explained  by  thcsmall 
number  of  terms  of  the  series  and  also  large  steps  for  the  longitude  and  lati¬ 
tude.  Therefore  it  is  necessary  to  taka  in  the  first  specification  the  l enlist 
ft, c;Ht ;  of  a  greater  number  of  terms  in  the  series  for  the  spherical  functions 
and  the  selection  of  smaller  grid  intervals  for  the  horizontal  coordinates. 
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Fig.  8.  Map  AT  -  300  for  03Z  December  10  1937  (Actual) 


16 


X/7 


Fig.  9.  Map  At  -  700  for  03Z  December  10  1957  (Forecast) 


Fig.  10.  Map  AT  -  300  for  03Z  December  10  1957  (Forecast) 
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